ABSTRACT Background: A month-of-birth (MOB) effect has been shown in multiple sclerosis (MS). Methods: Our 2 analyses looked at whether this MOB effect differed by MS phenotype ("bout onset," "primary progressive"). Results: The MOB effect was derived from "bout onset" MS patients (May/ November ratio ϭ 1.43; 2 ϭ 17.32, df ϭ 1, p ϭ 0.000032). Conclusions: An unspecified environmental effect in early development can influence both multiple sclerosis susceptibility and phenotype. Within multiplex and simplex families, it is common for multiple sclerosis (MS) outcome to be discordant for the pace of disability accumulation 1 as well as for the simplest of divisions of clinical phenotype, for example, primary progressive MS (PPMS) vs relapsing-remitting/ bout onset MS (RRMS).
mental effect in early development can influence both multiple sclerosis susceptibility and phenotype. Within multiplex and simplex families, it is common for multiple sclerosis (MS) outcome to be discordant for the pace of disability accumulation 1 as well as for the simplest of divisions of clinical phenotype, for example, primary progressive MS (PPMS) vs relapsing-remitting/ bout onset MS (RRMS). 2 Factors determining MS phenotype have remained unpredictable and largely obscure with perhaps the exception of gender and age at onset. 3 Whereas female predominance is less pronounced and age at onset is later in PPMS compared with RRMS, our understanding of even these simple demographics is insufficient to infer a causal or definitive relationship. 4 Given the steep drop-off in concordance for MS outcome between twins and nontwin siblings, 5 it is reasonable to suppose that genes will influence phenotype, but the role of early life environment in determining this has scarcely been considered. Recent observations of an increased MS concordance rate for dizygotic twins compared with nontwin siblings from the same families 5 and a maternal parent-of-origin influence 6 have pointed to the importance of gestational and very early life events in determining MS susceptibility. It has not been clear whether these are genetic or environmental or represent gene-environment interactions.
A factor influencing MS susceptibility that is more clearly environmental in origin has come from the study of month of birth (MOB) in which significantly fewer MS patients were born in November and significantly more in May.
METHODS Study groups. The Canadian Collaborative
Project on Genetic Susceptibility to MS (CCPGSMS) has been described in numerous publications. [5] [6] [7] Here, we focused on the CCPGSMS index cases for whom MOB was known for their unaffected siblings. For the analyses, we separated index cases into the following two groups 2 : 1) PPMS: primary progressive (previously "chronic progressive), with at least 1 year of relapse-free progression from onset of clinical symptoms; 2) RRMS: "bout onset" with the presence or absence of later progression (secondary progressive MS).
Analyses. MOB data for the Canadian population (Statistics Canada for 1926 through 1970) and unaffected CCPGSMS siblings of index cases were used as controls in our earlier study, which led to the work presented here. 7 In the current study, the unaffected sibling control group was divided according to whether the index case in the sibship had PPMS or RRMS. We measured the May/November birth month ratios for 1) PPMS index cases and their unaffected siblings, 2) RRMS and their unaffected siblings, 3) PPMS index cases and the Canadian population, and 4) RRMS index cases and the Canadian population. As the more stringent random selection of only one sibling control from each family made no difference to results in our previous publication, 7 here we included all unaffected sibs within sibships studied. The 2 test was used to compare the counts between groups of interest.
RESULTS Study groups. Index cases. Of 21,062 index cases with a diagnosis of probable/definite MS according to criteria 8 and a known MOB, sufficient data were available to classify 14,799 (70.3%) as either PPMS (n ϭ 3,334) or RRMS (n ϭ 11,465) with the remainder being as yet unclassified. These percentages are consistent with expectations from natural history data on MS.
1 Some index cases remain unclassified because they died or were lost to CCPGSMS follow-up prior to the accumulation of sufficient data. Canadian population controls. RRMS index cases were significantly less often born in November (6.70%) compared with controls (7.68%) ( 2 ϭ 15.67, df ϭ 1, p ϭ 0.000076). In contrast, the frequency of November births among PPMS index cases (7.62%) did not differ significantly from controls (7.68%) ( 2 ϭ 0.02, df ϭ 1).
MOB distributions: May/November birth ratio. The May/November birth ratios for RRMS, PPMS, and Canadian controls were 1.43, 1.15, and 1.18, respectively. There was a significant difference between the birth ratios for RRMS and Canadian controls ( 2 ϭ 17.32, df ϭ 1, p ϭ 0.000032), with the former group being born less often in November. The birth ratios for PPMS and Canadian controls were nearly identical ( 2 ϭ 0.065, df ϭ 1). The birth ratios for PPMS and RRMS differed significantly ( 2 ϭ 4.95, df ϭ 1, p ϭ 0.026). The May/November birth ratios for the unaffected siblings of PPMS index cases and RRMS index cases were 1.27 and 1.16, respectively ( 2 ϭ 0.72, df ϭ 1). There was a significant difference between the birth ratios for RRMS and their unaffected siblings ( 2 ϭ 10.70, df ϭ 1, p ϭ 0.00107), again with the RRMS being less often born in November. The May/November ratios for PPMS and their unaffected siblings were very similar ( 2 ϭ 0.56, df ϭ 1).
DISCUSSION
The data presented here for Canada demonstrate that the November nadir previously reported for MS susceptibility is derived entirely from individuals with RRMS. These data as well as our earlier work 1 now demonstrate that MS phenotype and susceptibility are likely influenced by factors that must occur during gestation or very shortly after birth. Taken together, the two Canadian studies on MOB and MS demonstrate that in a geographic area characterized by distinct seasonality, early life environmental factor(s) can influence both disease susceptibility and clinical course. These observations are not easily explained at present, although we have proposed a role for a broad population factor. Maternal vitamin D deficiency and some other sunlight-related effect in the genesis of the MOB observations are plausible candidates. 7 Nevertheless, these remain hypotheses, and there are undoubtedly other mechanisms by which birth timing might influence or be associated with both MS susceptibility and outcome. However, "gender" and "age at onset" aside, this may be the first observation to make a meaningful differentiation among risk factors for PPMS and RRMS.
These findings are consistent with the findings of a recent Sardinian study 9 in which space clustering was significant in early childhood but most markedly in individuals who had bout onset or RRMS. As well, a changing sex ratio strongly related to year of birth has been reported for this same Canadian population. 10 
